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Thioacetamide [TAA, CH 3 -C(S)NH 2 ], a hepatoxin, was first used to control the decay of oranges and then as a fungicide [1] . In the liver, TAA is S-oxidized at the thioamide group to TAA sulfoxide [CH 3 -C(SO)NH 2 ] and subsequently to di-Soxide [CH 3 -C(SO 2 )NH 2 ]. Reactive intermediates in this pathway covalently bind to hepatic macromolecules and eventually cause liver injury [2, 3] . TAA undergoes an extensive metabolism to acetamide shortly after administration and to the hepatotoxic metabolite TAA-S-oxide by the mixed function oxidase system [2] [3] [4] . Free radical-mediated lipid peroxidation contributes to the development of TAAinduced liver fibrosis [5, 6] . In chronic TAA intoxication, substantial liver fibrosis and prominent regenerative nodules develop after 3 mo of TAA administration and are associated with portal hypertension and the hyperdynamic circulation characteristic of liver cirrhosis [7] . Concerning biochemical and morphological observations, the TAA-induced rat liver cirrhosis has been shown to resemble the human disease and serves as a suitable animal model for studying the causes of human liver fibrosis and cirrhosis [8] . The transforming growth factor beta-1 (TGFβ1) is synthesized in nonparenchymal cells such as hepatic stellate cell (HSC) and inhibits hepatocellular DNA synthesis, both in culture and in vivo. Picomolar concentrations of TGFβ1 suppress hepatocyte DNA synthesis in culture. Moreover, injection of TGFβ1 into partially hepatectomized rats significantly delays the onset of DNA synthesis. TGFβ1 mediates the transformation of quiescent HSCs into myofibroblast-like cells with an increased production of extracellular matrix (ECM) proteins, including type I collagen [9] [10] [11] [12] [13] . In addition, TGFβ1 increases the synthesis and deposition of ECM proteins such as fibronectin by HSC, and is closely associated with the progression of hepatic fibrosis.
Cyclosporine A (CsA), a fungal cyclic polypeptide and used clinically as an immunosuppressive agent [14, 15] following renal, cardiac, pancreatic, bone marrow, and hepatic transplantation, has a number of adverse effects including renal, hepatic, cardiovascular, alimentary, skin and neural toxicity [16, 17] . The alterations of dilatation of the endoplasmic reticulum, loss of ribosomes, centrilobular fatty infiltration and focal hepatocyte necrosis have been observed microscopically in livers from CsA-treated animals [16, 18] . Inhibition of the ATP-dependent bile salt export carrier in the canalicular membrane and the P-glycoprotein (P-gp) transporter is probably involved in cholestasis caused by CsA [19, 20] . Despite extensive research on the sideeffects of CsA including hypertension, hepatoxicity and nephrotoxicity, the exact mechanisms of CsA-induced hepatoxicity remain obscure. Fibroblast growth factors (FGFs) comprise a growing family of structurally related polypeptide growth factors, currently consisting of 23 members [21] . They transduce their signals through four high-affinity transmembrane protein tyrosine kinases, FGF receptors 1-4 (FGFR1-4) [21] [22] [23] [24] , which bind the different FGFs with different affinities. Of the four FGFR isotypes, only FGFR4 is expressed in mature hepatocytes [25] . It has become increasingly clear that the ubiquitous and extremely diverse members of the FGF family of activating FGF polypeptides, FGFR transmembrane kinases and heparan sulfate oligosaccharide chains combine in a tissue-specific mode to sense perturbation and maintain homeostasis, both in diverse developing and adult tissues [22, 25, 26] . Recently, an agonist role for FGF1 and FGF2 is seen in specifically insult-induced liver matrix deposition and hepatic fibrogenesis and as a potential target for the prevention of hepatic fibrosis by acute CCl4 exposure [27] . The aim of this study was to investigate whether co-administration of CsA with liver fibrotic agent TAA had any beneficial or deleterious effects on TAA-induced liver injury.
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Animals
Male Sprague-Dawley rats (250-300 g) were obtained from the National Laboratory Animal Center, Taipei, Taiwan, and were kept in a temperature-controlled environment (22 ) and fed adlibitum with standard rat chow. Rats were randomly allotted into TAA-, CsA-, CsA plus TAA-and placebotreated groups (n = 5 in each group). Liver cirrhosis in rats was induced by intraperitoneal (i.p.) injection of TAA (200 mg/kg) every 3 d for 30 d is previously described. Animals assigned to the CsA (Neoral ® ; Sandimmune ® ) group were given a daily dose of CsA (7.5 µg/kg body weight, i.p.) dissolved in olive oil. The control group received the vehicle (normal saline solution) only. Treatments were carried out for 30 d. Rats were bled for blood test and sacrifices were treated with carbon dioxide gas anesthesia in closed chamber after the end of the experiment. One part of the liver was sampled for immunohistology. The remainder of the liver was rapidly removed and stored at -80 for RT-PCR and Western blot analysis.
GOT/GPT
The level of glutamyl oxaloacetic transaminase (GOT) and glutamyl pyruvic transaminase (GPT) in the blood, as a hepatic index for determining the status of liver function, was measured by using the Johnson and Johnson assay on the Vitros 750 (J and J/Vitros 750), a kinetic enzymatic assay in which the rate of formation of the final oxidized leuco dye is monitored at 670 nm. All assays were performed according to the procedures described by the manufacturers.
Semi-quantitative RT-PCR
The liver was weighed before being homogenized with a motorized Teflon pestle at 1 000 r/min for 2 min on ice, in cold sterile water (W:V = 1:2), or in a Trizol reagent (Invitrogen, USA) in order to isolate total RNA. After centrifugation (12 902 g for 30 min at 4 ), the supernatant was kept at -70 until the assay. Total RNA was extracted, and 5 µg of each RNA was soon thereafter reverse transcribed to first strand cDNA in 20 µL of reaction mixture using a SuperScript TM First-Strand Synthesis System for RT-PCR kit (Invitrogen). Sets of PCR primers for selected genes and β-actin were designed based on the NCBI database of conserved coding regions (Table 1) . One microliter of cDNA solution and two sets (β-actin and selected gene) of primers were used in 25 µL of PCR reaction samples. The parameters of the β-actin PCR reaction were 25 cycles at 95 for 45 s, 50 for 45 s and 72 for 1 min. After 25 cycles of amplification and sampling, 10 additional cycles under the same condition for the selected gene were amplified with a single cycle at 72 for 10 min. PCR products were separated in 12 g/L agarose gel. After ethidium bromide (EtBr, 0.5 µg/mL) staining and photographing, the data were analyzed by phoretix ID standard software, after β-actin (as an internal control) internalization. Table 1 Primer sequence and expected lengths of fragments in RT-PCR analysis of rat liver selected genes and β-actin
Primer sequence lengths of fragments
Sequence analysis
To confirm the nucleotide sequence of the PCR-amplified product selected, the product was cloned into plasmid following a cloning procedure as previously described. Plasmid DNA of the recombinant colonies was isolated and purified, using a Qiagen Plasmid Mini Kit. Fifty vectors were sequenced at once, from the 5' end using a Dye Terminator Cycle Sequence FS Ready Kit and a T7 primer from Applied Biosystems (Applied Biosystems ABI 377 sequencer). Sequence files were processed electronically to remove vector sequences, and were then analyzed using an automatic BLAST algorithm, to screen the public nucleotide databases.
Western blotting
The liver was homogenized in a homogenization solution (137 mmol/L NaCl, 1 mmol/L CaCl 2 , 1 mmol/L MgCl 2 , 0.1 mmol/L sodium ortho-vanadate, 20 mmol/L Tris-HCl pH 7.4, 10 g/L NP-40, 1 mmol/L PMSF) with a motorized Teflon pestle at 600 r/min for 20 strokes, on ice. After centrifugation (at 12 902 g for 30 min at 4 ), the supernatant was kept at -70 until the assay. Total protein was determined using the Bradford protein assay kit (Bio-Rad, Hercules, CA) and calculated using bovine serum albumin (Sigma, St. Louis, MO) as a standard. The whole liver homogenate (total protein 40 µg) was mixed with 6× electrophoresis sample buffer, containing 1,4-dithiothreithol (DTT, Sigma). The proteins were separated by electrophoresis on a 40-120 g/L gradient polyacrylamide slab gel, and then electrophoretically transfered to a PVDF membrane (NEN TM Life Science Products, Boston, MA). The blots were incubated for 2 h in blocking buffer (30 g/L BSA in TBST buffer) and were washed twice in TBST buffer (8 g/L NaCl, 0.2 g/L KCl, 3 g/L Tris-base, pH 7.5, 0.24 g/L KH 2 PO 4 and 2 g/L Tween-20). Membranes were incubated overnight at 4 with the first antibody as shown in Table 2 . After incubation with a secondary antibody (alkaline phosphatase-conjugated goat anti-rabbit/sheep antibody, 1:4 000, ZYMED, San Francisco), the protein bands were analyzed by ECL autoradiography. All antibodies were purchased from Santa Cruz Biotechnology (CA, USA).
Immunohistochemistry
Fresh tissues were carefully embedded in OCT (Optimal Cutting Temperature, 4583, Tissue-Tek, SAKURA) in a plastic mold, without air bubbles surrounding the tissue. The mold was then put on top of liquid nitrogen until 70-80% of the block turned white, and then the block was put on top of dry ice. Prior to being sectioned, the frozen block was equilibrated in the cryostat chamber for about 5 min. Sections, 10-µm thick, were mounted on glass slides, dried at room temperature (RT) for at least 30 min. After washing with PBS twics, the tissue slide was incubated with 30 mL/L H 2 O 2 for 10 min to cut down the endogenous peroxidase.
The slide was blocked with 70-100 g/L BSA for 20 min after washing. The primary antibodies (diluted in 0.05 mol/L Tris-saline, pH 7.4, 250 mL/L serum) as shown in Table 2 were directly added onto the sections and incubated overnight at 4 . The antibodies were removed, and the tissue slide was washed thrics, for 10 min each time, with PBS buffer, at RT. The secondary antibody, diluted in Tris-saline/25 mL/L serum, was added and incubated for an additional 45 min. After washing, an ABC (avidin and biotinylated horseradish peroxidase macromolecular complex, PK-6105, VECTOR) reagent was added for 30 min of incubation. Methyl green was counterstained for less than 5 min after washing. The slide was sequentially fixed with 700, 850, 950 and 1 000 mL/L ethanol and xylene. The slide was then washed with deionized water for 5 min and left on a bench to air dry. The stained slide was mounted with VectaMount TM , P0505, (VECTOR, CA, USA), and microscopic examinations were carried out.
Sirius red staining (collagen)
The tissue slide was stained with Weigert's hematoxylin for cell nuclear staining prior to the Sirius red staining. After a 10-min wash, the slide was incubated with Pico Sirius red at RT for 1 h. The slide was then washed twice with acidified water before dehydration with ethanol absolute anhydrous. Afterwards, the tissue slide was washed with xylene and fixed in a permanent mounting medium (VECTOR).
Statistical analysis
All data are expressed as the mean±SE. Differences among the groups were determined by one-way analysis of variance (ANOVA) using SuperANOVA, statistical software from MICROSOFT (Abacus Concepts Inc., Berkeley, CA), and the means among them were compared with control values by the Student's t test. P values <0.05 were chosen to be significant.
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TS TS Morphology/blood GOT/GPT After carbon dioxide anesthetic, the internal organ was removed immediately and a photograph was taken. The data showed that TAA obviously induced morphological injury in the liver after 30-d treatment. CsA alleviated the morphological changes of TAA-induced fibrosis in rat liver. The GOT/GPT of the blood in the TAA-injury group was elevated compared to that of the normal rat. Compared with the TAA-injury group, the blood GOT/GPT declined in the CsA plus TAA-treated rat ( Figures 1A, B) .
Collagen
After Sirius red staining of the frozen sections, the collagen in the CsA plus TAA group was lower than that in the TAA group (Figure 2A) . After RT-PCR of collagen I and III, the data showed that TAA induced collagen I and III in the RNA level compared to that of the control group. The collagen I expression of the CsA plus TAA group was lower than that in the TAA group ( Figure 2B) . However, the collagen III level was not significantly different between the TAA and the CsA plus TAA groups ( Figure 2C ).
TGFβ β β β β1 and receptor
TGFβ1 appears to be an important regulator in both normal and pathological conditions in the liver. In the TAA or CsA group, the expression of the TGFβ1 level was elevated compared to that of the control group. Conversely, the TGFβ1 in the CsA plus TAA group was lower than that in CsA or TAA alone ( Figure 3A) . The expression levels of TGFβ-R2 and TGFβ-R3 are not significantly different among treatments (Figures 3B, C) . The protein level of TGFβ-R1 in CsA plus TAA-treated liver is higher than that of the TAA group ( Figure 4B ), but not significantly different in RNA level among treatments ( Figure 4A ). The aggregations of TGFβ-R1 immunostaining in liver caused by the TAA or the CsA group were sparse and scattered compared with those by the CsA plus TAA group ( Figure 4C ). This result implies that CsA might have a protective effect on TAA-induced liver injury through the regulation of the TGFβ1 receptor. 
Fibroblast growth factor receptor (FGFR2, 4)
RT-PCR, Western blot and immunostaining of FGFR2 analysis showed that the FGFR2 was not significantly different among treatments ( Figures 5A, B) . The aggregations of FGFR2 in liver, caused by TAA or CsA treatment, are reduced when treated with CsA plus TAA ( Figure 5C ). CsA or TAA treatment increased the FGFR4 in the RNA and protein levels, but this trend was reduced in the CsA plus TAA group (Figures 6A, B) . Interestingly, the FGFR4 expression of liver was scattered in the CsA plus TAA treatment after immunostaining ( Figure 6C ). The RNA level of P-gp ATP binding cassette (ABC) transporter in CsA plus TAA-treated liver is higher than that of the TAA or CsA group (Figure 7) . After CsA plus TAA treatment, the blood GOT/GPT of the liver function index is shown to have improved significantly, and the collagen of liver is scattered after being stained with Sirius red. In the present study, the fact that TAA caused the increment of blood GOT/GPT, agrees with previous studies in TAA administration [28] [29] [30] [31] [32] and in CsA treatment [33] . The collagen I level in liver of rat is reduced after the CsA plus TAA treatment in this study. CsA can alleviate the collagen formation in liver of TAA-induced rat. Collagens are the major components of liver ECM [34] . In the normal liver, interstitial collagen I and III are present in approximately equal quantities, constituting about 80% of the total [35] and are mainly located within the portal areas [34, 36] . In a normal liver, HSCs are non-parenchymal, quiescent cells whose main function is to store vitamin A. When liver injury associated with the activation of HSCs, undergoes an activation process in which they lose vitamin A, they become highly, proliferative and synthesize a fibrotic matrix rich in type I collagen, exhibiting features of myofibroblasts. HSCs are the key matrix-producing cells of a normal or fibrotic liver and are intimately regulated by TGF-β1 [37] . HSC produces and secretes TGF-β, and responds to this cytokine with an increased production of type I collagen, the predominant ECM protein in liver fibrosis [38, 39] . In chronic injury, stellate cell activation and the consequent secretion of the matrix by activated stellate cells result in liver fibrosis and ultimately cirrhosis.
TGF-β1 is a cytokine that plays a pivotal role in liver fibrosis by regulating the matrix synthesis and deposition [40] . The hepatic expression of TGF-β1 in liver fibrosis is markedly increased in animal models, and in human patients with chronic liver disease [9, [40] [41] [42] [43] [44] [45] [46] [47] . Recent investigations have shown that TGF-β is one of the most powerful profibrogenic mediators playing a major role in the development of liver cirrhosis [48] . Although TGF-β is also an important negative regulator of proliferation and an inducer of hepatocyte apoptosis, TGF-β up regulates the expression of collagens I, II and IV, fibronectin and laminin in HSCs, and accelerates the transformation of quiescent HSCs into myofibroblasts. In addition to accelerating activation and stimulating matrix synthesis, TGF-β down regulates the degradation of ECM proteins by matrix metalloproteinases through the up-regulation of tissue inhibitors of metalloproteinases in activated HSCs. TGF-β1 is considered to be the most potent profibrogenic cytokine in liver fibrosis through activation of HSCs that apparently includes the stimulation of an increase in cell numbers, migratory behavior, and the deposition of ECM components both in vitro and in vivo [49] [50] [51] [52] . The function of this cytokine is dependent on the interaction with TGF surface receptor types 1, 2 and 3 (TGFβ-Rs 1-3). TGFβ-R3 is proposed to be involved in regulating the access of ligands to TGFβ-Rs 1 and 2. The activation of TGFβ-R2 leads to the phosphorylation of TGFβ-R1, which, in turn, phosphorylates Smad proteins that transduce the signal to the nucleus [53] [54] [55] [56] [57] . TGF-β is reduced in the CsA plus TAA group, while TGFβ-R1 is increased. This implies that CsA might alleviate the collagen formation via the downregulation of TGF-β and the up-regulation of TGFβ-R1. In CCl4-induced liver regeneration, the up-regulation of both TGF-β1 and TGFβ-Rs 1 to 3 may ensure that cycling hepatocytes stop proliferation, thereby preventing overshoots in liver growth [58] . The levels of TGFβ-R1 and TGFβ-R2 mRNA expression changes occurred in the hepatocytes of rat livers injured by CCl4 administration, while TGFβ-R3 mRNA decreased only in non-parenchymal cells [59] . In this study, CsA possesses the stimulatory effects on the RNA level of P-gp in TAA-treated liver. The ABC superfamily of membrane transporters is one of the largest protein classes known, and counts numerous proteins involved in the trafficking of biological molecules across cell membranes. The first known human ABC transporter Fan S et al. Cyclosporine A alleviates thioacetamide-induced liver injury 1417 a a was P-gp, which confers multidrug resistance (MDR) to anticancer drugs (reviewed in Ref. [60] ). Previous studies showed that the immunosuppressive agent CsA modulates the MDR protein P-gp and exerts a hepatotrophic influence in the regenerating liver [61] [62] [63] . CsA has an additive effect on the expression of P-gp during liver regeneration in the rat. The induction of P-gp might be considered in patients receiving CsA after liver transplantation for hepatocellular carcinoma and chemotherapy as an adjuvant treatment for the prevention of tumor recurrence [64] . Following acute CCl4 exposure, FGFR4 acts promoting processes that restore hepatolobular architecture rather than cellularity, while limiting the damage due to prolonged CYP2E1 activity. In the present study, the CsA or TAA treatment increased FGFR4 in RNA and in the protein levels, but this trend was decreased in the CsA plus TAA group. A dual role for hepatocyte FGFR4 occurs as a consequence of toxic insult, in limiting the product-induced damage during biochemical detoxification and by the reconstitution of normal architecture. The modulation of hepatocyte FGFR4 signaling may be a useful target for the therapeutic mediation of toxin-induced liver injury and fibrosis, while the FGFR4-deficient mice is a useful model for the study of both highlevel acute and low-level chronic liver insult, including cirrhosis. These results suggest that the up-regulation of hepatic regeneration with CsA pre-treatment might be attributed in part to changes in the production of these mitogenic and mitoinhibitory cytokines. Furthermore, CsA stimulates rat liver cell proliferation in vivo without inducing liver cell necrosis. This effect may contribute to accelerate the development of hepatocellular carcinomas in rats fed a CsA diet. As previously obser ved with BR 931, a hypolipidemic peroxisome proliferator, stimulation of liver cell growth by CsA does not entail changes in the production of HGF, TGFα or TGFβ1 [63] . In conclusion, immunosuppressive molecules such as CsA, when co-administrated with TAA-treated liver, inhibited TGF-β activation by a mechanism that may involve down regulation of transglutaminase and collagen expression. The augmentation of the MDR protein P-gp by CsA-induced could protect TAA injury in rat liver. CsA indeed alleviates the damage caused by TAA in the rat liver, and this might be because of the mediating expressions of the growth factor and its receptor.
